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(54) Disk memory apparatus 

(57) A disk memory apparatus includes a disk mem- 
ory drive, a non-volatile memory and a controller. The 
non-volatile memory stores a portion of data contained 
in the disk memory drive and maintains contents thereof 
when the apparatus is turned off. Instead of the data in 
the disk memory drive, the controller transfers data in the 
nonvolatile memory to a host computer when the disk 
memory drive is not ready for data reproduction soon 
after the apparatus is turned on. The controller selects 
data frequently accessed soon after the apparatus is 
turned on and stores the data in the nonvolatile memory. 
This selection is performed according to statistics on 
data accessed by the computer. 
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Description 

The present invention relates to a disk memory 
apparatus, and more particularly to a disk memory appa- 
ratus having a memory to store a portion of data in a disk s 
memory thereof. 

A conventional disk memory apparatus (e.g., a hard 
disk apparatus, an optical disk memory apparatus and a 
flexible memory apparatus) includes a disk memory 
drive to rotate a disk memory. When the power of the 10 
disk memory apparatus is turned on, the disk memory 
drive begins to rotate the disk memory. The rotational 
speed of the disk memory increases to reach a prede- 
termined rotational speed (e.g., 1,200 to 3,600 rpm in 
the case of certain Flexible Disk Drive or other opera- 75 
tional speeds in the case of other drive devices). There- 
after, the disk memory aipparatus sends to an information 
processing device (e.g., a host computer) a ready signal 
indicating that the disk memory apparatus is ready to be 
accessed. Upon receiving the ready signal, the informa- 20 
tion processing device begins to access the disk memory 
apparatus. Thus, in the conventional disk memory appa- 
ratus, the information processing device cannot access 
the disk memory apparatus until the rotational speed of 
the disk memory reaches the predetermined speed (e.g., 25 
an operational speed). 

Another conventional disk memory apparatus has a 
disk cache to reduce access time. The disk cache stores 
a portion of data in the disk memory.. When the informa- 
tion processing device requires data stored in the disk so 
cache as well as in the disk memory, the disk memory 
apparatus reads the data out of the disk cache in lieu of 
the disk memory. This reduces the access time of the 
data because the access time of the disk cache is by far 
shorter than that of the disk memory. 35 

The contents of the disk cache is updated according 
to a replacement policy such as least recently used 
(LRU) so as to increase the hit ratio of the disk cache. 

However, in the conventional disk memory appara- 
tus, a volatile memory is used as the disk cache and the 40 
disk cache loses the contents therein when the power of 
the disk memory apparatus is turned off. Previously, it . 
was regarded as almost meaningless to use a nonvola- 
tile memory as the disk cache because the data stored 
before the power is turned off is seldom accessed after 45 
the power is turned oh again. The reason for this consid- 
eration is that the information processing device exe- 
cutes different programs before and after the power-off 
and different programs tend to access different portions 
of the disk memory. so 

Thus, even if the disk memory apparatus has the 
disk cache, the information processing device has to wait 
for accessing data until the rotational speed of the disk 
memory reaches the predetermined value. 

One object of the present invention is to allow a disk ss 
memory apparatus to send data before the disk memory 
becomes ready to be accessed. Specifically, the disk 
memory apparatus sends the data before the rotational 
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speed of the disk memory reaches a predetermined 
speed (e.g., an operational speed). 

Another object of the present invention is to allow a 
disk memory apparatus to send data soon after the 
power is turned on. 

Another object of the present invention is to allow a 
disk memory apparatus to send data soon after the disk 
memory drive is restarted. 

Another object of the present invention is to select 
data frequently accessed soon after the power is turned 
on. 

Another object of the present invention is to select 
data frequently accessed after the disk memory appara- 
tus is idle for a predetermined period of time. 

Another object of the. present invention is to enhance 
the lifetime of the disk memory apparatus. 

Another object of the present invention is to save 
electrical power supplied to the disk memory apparatus. 

According to the present invention, a disk memory 
apparatus is coupled with an information processing 
device and supplied with electrical power. The disk mem- 
ory apparatus includes a disk memory drive, a non-vol- 
atile memory and a controller. The disk memory drive 
stores data therein. The non-volatile memory stores a 
portion of data contained in the disk memory drive and 
maintains contents thereof when the electrical power is 
removed. The controller transfers data in the nonvolatile 
memory to the information processing device when the 
disk memory drive is not ready for data reproduction. 

The controller may transfer the data when the disk 
memory device is not ready for data reproduction after 
turning on of the electrical power. In this case, the non- 
volatile memory may store data requested by the infor- 
mation processing device when the electrical power is 
turned on. 

The disk memory apparatus may include shutdown 
means for stopping the disk memory drive after the disk 
memory apparatus is idle for a predetermined period of 
time. In this case, the controller may transfer the data 
when the disk memory drive is not ready due to stoppage 
thereof by the shutdown means. 

The controller may select data to be stored in the 
nonvolatile memory according to statistics on data 
accessed by the information processing device. More 
specifically, the controller may store in the nonvolatile 
memory history information indicating a history of data 
accessed by the information processing device, and the 
controller may select data to be stored in the nonvolatile 
memory according to the history information. The con- 
troller may select data to be stored in the nonvolatile 
memory according to a frequency of access to the data. 

The nonvolatile memory may include a flash mem- 
ory. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and advantages of the 
present invention will become more apparent when the 
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following description is read in conjunction with the 
accompanying drawings, wherein: 

Fig. 1 is a block diagram of a disk memory apparatus 

according to the present invention. 

Fig. 2 shows areas 21-24 in a non-volatile memory 

16. 

Fig. 3 shows areas in index areas 31 to 35 of a data 
block table area 22. 

Fig. 4 shows areas in entry areas 41 1 to 428 in 
respective area 41 for "turning on" and area 42 for 
shutdown. 

Fig. 5 shows areas in ranking areas 51 to 53 in a 
weight table area 5. 

Figs. 6-12 are flowcharts illustrating the operation of 
a main processor 15 after the power of the disk 
memory apparatus is turned on. 

In these drawings, the same reference numerals 
depict the same parts, respectively. 

PETAIIEP PESCRIFTION OF THE PREFERRED 
EMBQPIMENTS 

Next is described a preferred embodiment of the 
present invention. 

Referring to Fig. 1, a disk memory apparatus 1 
according to the embodiment is coupled to an informa- 
tion processing device (e.g., a computer) 2. The disk 
memory apparatus 1 sends to the computer 2 a ready 
signal indicating that the disk memory apparatus is ready 
to handle requests from the computer 2. After receiving 
the ready signal, the computer 2 requests data reproduc- 
tion and data recording to the disk memory apparatus 1 
by sending commands to the disk memory apparatus 1. 

The data is recorded and reproduced in blocks each 
including 512 bytes. Each block is assigned a block 
address. The computer 2 sends the block address along 
with the commands to identify the data block to be 
accessed. 

The disk memory apparatus 1 is supplied with elec- 
trical power 100. The electrical power is turned on and 
turned off by the computer 2 or the operator. 

The disk memory apparatus 1 includes an input-out- 
put processor 11, a main processor 15, a non-volatile 
memory 16, a buffer memory 14, a disk memory drive 
12 and a disk memory drive control circuit 1 7. The elec- 
trical power 100 is supplied to those elements in the disk 
memory apparatus 1. 

The input-output processor 1 1 receives the com- 
mands from the computer 2. The input-output processor 
1 1 controls the data transfer between the computer 2 and 
the non-volatile memory 16 and between the computer 
2 and the buffer memory 14. The input-output processor 
1 1 sends the ready signal to the computer 2. The oper- 
ation of the input-output processor 1 1 is controlled by the 
main processor 1 5. 

The disk memory drive 12 (e.g., a hard disk drive, 
an optical disk drive or a flexible disk drive) includes a 



disk memory (e.g., a hard disk, an optical disk or a flex- 
ible disk) rotated by a spindle motor. The disk memory 
drive includes a head for reproducing data from and/or 
recording data in the disk memory. 

5 The disk memory drive control circuit 1 3 controls the 
operation of the disk memory drive 1 2. The disk memory 
drive control circuit 1 3 reads data out of the disk memory 
drive 12 and stores the data into the buffer memory 14. 
The disk memory drive control circuit 1 3 reads data out 

w of the buffer memory 14 and writes the data in the disk 
memory drive 12. 

The disk memory drive control circuit 1 3 sends a sig- 
nal to the main processor when the disk memory drive 
becomes ready to perform data reproduction and/or data 

is recording. More specifically, the disk memory drive con- 
trol circuit 13 sends the signal when the rotational speed 
of the disk memory in the disk memory drive 12 reaches 
a predetermined value. The predetermined value may 
be set by the designer according to the designer's 

20 requirements. 

The disk memory drive control circuit 13 includes a 
shutdown circuit 17. TTie shutdown circuit 17 suspends 
the rotation of the spindle motor in the disk memory drive 
1 2 when receiving a shutdown signal from the main proc- 

25 essor 15. In this exemplary embodiment, the shutdown 
circuit 1 7 turns off the power of the disk memory drive 1 2. 

The non-volatile; memory 16, which is a key feature 
of the present invention, stores data sent from the main 
processor 15. The non-volatile memory 16 retains the 

30 contents thereof even if the electrical power 1 00 is turned 
off. In this exemplary embodiment, the non-volatile mem- 
ory 16 includes a flash memory. A random access mem- 
ory having a back-up battery can also be used as the 
non-volatile memory 16. However, it should be under- 

35 stood that non-volatile memory does not include disk 
memories such as a magnetic disk memory and an opti- 
cal disk memory. 

In this exemplary embodiment, the non-volatile 
memory 16 has an error checking/correcting function 

40 using the cycle redundancy check (CRC) as an exem- 
plary error detection algorithm. 

The main processor 1 5 executes programs stored in 
a memory (not shown in the figure). By executing the pro- 
grams, the main processor 15 controls the operation of 

45 the input-output processor 1 1 and the disk memory drive 
control circuit 13. The main processor 1 5 also accesses 
the non-volatile memory 16 and the buffer memory 14. 

The main processor 15 includes a shutdown timer 
T. The contents of the shutdown timer T is reset to a pre- 

50 determined value when the disk memory drive 12 is 
accessed. The contents of the shutdown timer T is dec- 
remented while the disk memory drive 12 is idle. The 
shutdown timer T generates a signal when a predeter- 
mined period of time has passed after the last resetting. 

55 Upon receiving this signal, the main processor 15 sends 
the shutdown signal to the shutdown circuit 17. 

Moreover, the main processor has the functions dis- 
closed below. 
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The main processor 15 stores information of a his- 
tory of the data blocks accessed by the computer 2 in 
the non-volatile memory 16. 

The main processor 15 selects part of the data in 
the disk memory to be stored in the non-volatile memory s 
1 6 according to the aforementioned information. 

When the computer 2 requests data stored in the 
non-volatile memory 16, the main processor 15 transfers 
data in the non-volatile memory 16 to the computer 2 
instead of the data in the disk memory of drive 12. to 

When the disk memory drive is idle for a predeter- 
mined period of time, the main processor 15 suspends 
the rotation of the spindle motor in the disk memory drive 
12. 

The details of the operation of the main processor is 
1 5 are described below. 

Next is described the structure of the data stored in 
the non-volatile memory 16. 

Referring to Fig. s 2, the non-volatile memory 16 has 
a flag area 21 , a data block table area 22, a data block 20 
storage area 23 and a statistics area 24. The data block 
storage area 23 includes first to fifth segment areas 231 
to 235. 

The flag area 21 stores a flag indicating whether 
effective data exists in the non-volatile memory 1 6 or not 2s 
In this exemplary embodiment the flag includes 2 bytes. 
The flag indicates that effective, data exists in the non- 
volatile memory 16 when the value of the flag is set to 
5555h by hexadecimal. 

The data block table area 22 stores information indi- 30 
eating a relationship between the data blocks in the data 
block storage area 23 and those in the disk memory. 

The data block storage area 23 stores parts (i.e., 
copies) of data blocks in the disk memory. The data block 
storage area 23 is divided into first to fifth segment areas 35 

231 to 235. Thefirst and second segment areas 231 and 

232 store data blocks frequently accessed by the com- 
puter 2 soon after the power 100 is turned on. The third 
to fifth segment areas 233 to 235 store data blocks fre- 
quently accessed by the computer 2 after the disk mem- 40 
ory drive 12 is idle for the predetermined period of time. 
The method of selecting data blocks to be stored in the 
data block storage area 23 is described below. 

The statistics area stores information of a history of 
data blocks accessed by the computer 2. 45 

The contents of the aforementioned areas can be 
deleted independently. 

Referring to Fig. 3, the data block table area 22 
includes first to fifth index areas 31 to 35 corresponding 
to the first to fifth segment areas 23 1 to 235 , respectively, so 
Each of the index areas 31 to 35 includes' an availability 
area 310, a segment address area 311, a first block 
address area 3 1 2 and a last block address area 3 1 3. The 
availability area 310 stores information indicating 
whether the corresponding segment area stores data or ss 
not The segment address area 31 1 stores the address 
of the corresponding segment area in the non-volatile 
memory 16. The first and last block address areas 312 
and 313 store the block address of the data stored in the 



corresponding segment area. A plurality of data blocks 
may be stored in one segment area. In this case, the first 
and last block address areas 3 1 2 and 3 1 3 store the block 
addresses of the first and last data blocks, respectively. 

Referring to Fig. 4, the statistics area 24 includes an 
weight table area 5 and areas 41 and 42. The area 41 
stores information about data accesses after the power 
100 is turned oh. The area 42 stores information about 
data accesses after the shutdown of the disk memory 
drive 12. 

The area 41 includes first to eighth entry areas 41 1 
to 41 8. Each of the entry areas 41 1 to 418 includes first 
and last block address areas 41 1 1 and 41 12. The entry 
areas 41 1 to 418 store first and last block addresses of 
the data recently accessed by the computer 2 after the 
power 1 00 is turned on. 

The area 42 includes first to eighth entry areas 421 
to 428. Each of the entry areas 421 to 428 includes first 
and last block address areas 421 1 and 4212. The entry 
areas 421 to 428 store first and last block addresses of 
the data recently accessed by the computer 2 after the 
shutdown of the disk memory drive 12. 

The method of updating the contents of the areas 
41 and 42 is described below. 

Referring to Fig. 5, the weight table area 5 includes 
a plurality of ranking areas 51 to 5n. Each of ranking 
areas 51 to 5n includes first and last block address areas 
511 and 512. The ranking areas 51 to 5n store the first 
and last address of the data in the data block storage 
area 23 in descending order of the weight indicating 
access frequency. 

Next will be described the operation of the main 
processor 15. The operation of the main processor 1 5 is 
implemented by a program stored in a memory (not 
shown in the figures). 

Referring to Fig. 6, when the power 1 00 is turned on, 
the majn processor 15 and the other circuits are initial- 
ized (step A01). After the initialization, the main proces- 
sor 100 sends the shutdown signal to the shutdown 
circuit 17. 

When the initialization is completed, the main proc- 
essor 15 determines whether or not effective data is 
stored in the data block storage area 23 by checking the 
contents of the flag area 21 (step A02). 

When effective data is not stored, the program 
branches to step B01 to prepare starting of the disk 
memory drive 12. When effective data is stored, the 
input-output processor 1 1 sends to the computer 2 a 
ready signal indicating that the disk memory apparatus 
1 is in an accessible state (step A03). 

The main processor 1 5 waits for a command from 
the computer 2 (step A04). Upon receiving the command 
from the computer 2, it is determined whether or not the 
corresponding command is a request for reproducing 
(step AOS). When the command is not a request for 
reproducing, the program branches to step E01. 

When the command is a request for reproducing, the 
program determines whether or not the requested data 
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blocks are stored in the non-volatile memory 16 by refer- 
ring to the data block table area 22 (steps A06 and A07). 

When the requested data blocks are not in the non- 
volatile memory 16, the program branches to step D01 
to read the requested data blocks out of the disk memory 
drive 12. 

When the requested data blocks are in the non-vol- 
atile memory 16, errors in the data blocks are checked 
by CRC (step A08). When an error is detected, the pro- 
gram stops to transfer the data blocks in the non-volatile 
memory 16 and branches to step D01 to read the data 
block out of the disk memory drive 12. 

When an error is not detected, the main processor 
1 5 transfers the corresponding data block to the compu- 
ter 2 from the non-volatile memory 16 through the input- 
output processor 1 1 (step A09). This means that the 
requested data block can be transferred to the computer 
2 even before the disk memory drive 1 2 is ready for data 
reproduction. 

After transferring the data block, the program exe- 
cutes an access statistics process (step A10). 

Next is described the process of the program on and 
after step 601. 

Referring to Fig. 7, the main processor 15 turns off 
the shutdown signal to start the disk memory drivg 1 2 
(step B02). Thereafter, the main processor 15 waits for 
a signal from the disk memory drive 12 indicating that 
the disk memory drive 12 is ready to reproduce data. 

Upon receiving the signal through the disk memory 
drive control circuit 13, the program sends the ready sig- 
nal to the computer 2 (step B04) to inform the computer 
2 that the disk memory drive 12 is ready to reproduce 
data. Thereafter, the shutdown timer T is activated to 
start counting (step B06). When receiving a command 
from the computer 2 through the input-output processor 
1 1 , the program branches to step C01 . 

When no command is sent from the computer 2, the 
main processor 15 controls the operation of the disk 
memory drive 12 such as the rotation of the spindle 
motor and the position of the head (step B07). 

When the shutdown timer T informs that the prede- 
termined period of time has lapsed, the main processor 
1 5 outputs the shutdown signal to the shutdown circuit 
1 7. Upon receiving the shutdown signal, the shutdown 
circuit 1 7 turns off the power supplied to the disk memory 
drive 12. When the power is turned off, the disk memory 
drive' control circuit 13 performs preparatory operations 
such as the positioning of the head or the like (steps B08, 
B09 and B10). This condition of the disk memory appa- 
ratus 1 is hereinafter referred to as a "power saving 
state". When the disk memory apparatus 12 is brought 
into the power saving state, the program branches to 
step A04 in Fig. 6 (step A1 1). 

As stated above, when disk memory drive 12 is not 
accessed for the predetermined time, the power supply 
of disk memory drive 12 is turned off to save power. 

Next is described the process of the program on and 
after step C0 1. 



Referring to Fig. 8, the program determines whether . 
or not the command sent from the computer 2 is a data 
reproduction request (step C02). When the command is 
not a data reproduction request, the program branches 

s to step C08. 

When the command is a data reproduction request, 
the program determines whether or not the data blocks 
requested by the computer 2 are stored in the non-vola- 
tile memory 1 6 by referring to the data block table area 

io 22 (steps C03 and C04). When the requested data 
blocks are not in the non-volatile memory 16, the pro- 
gram branches to step C09. In step C09, the program 
suspends the counting of the shutdown timer T and 
branches to step DOB. 

is When the requested data blocks are in the non-vol- 
atile memory 16, errors in the data blocks are checked 
by CRC (step COS). When an error is detected, the pro- 
gram branches to step C09 to read the data block put of 
the disk memory. 

20 When an error is not detected, the program transfers 
the corresponding data block to the computer 2 from the 
non-volatile memory 1 6 through the input-output proces- 
sor 1 1 (step C06). 

After the data transfer in step C06, the program exe- 

25 cutes an access statistics process, which is described 
below (step CO 7). After the access statistics process, the 
program branches to step B1 2. 

Next is described the operation of the program after 
step D01 shown in Fig. 6. 

30, Referring to Fig. 9. the program turns off the shut- 
down signal to put the disk memory drive 12 in motion 
and waits until receiving a signal from the disk memory 
drive 12 indicating that it is ready for data reproduction 
(steps D02 and D03). Upon receiving this ready signal, 

35 the program transfers the requested data blocks in, disk 
memory drive 12 to the buffer memory 14 (step D04). rf 
a data error is detected by an error inspection function 
of the buffer memory 1 4, a specified error process is exe- 
cuted and thereafter a process shown on and after step 

40 D07, as described below, is executed (steps DOS and 
D09). 

When an error is not detected, then the data stored 
in the buffer memory i 4 is transferred to the computer 2 
through the input-output processor 1 1 (step D06). There- 
45 after, the program executes the access statistical proc- 
ess (step DO 7) and branches to step B11 to execute 
steps after step B04 in Fig. 7. 

Next is described the operation of the program after 
stepEOL 

so Referring to Fig. 10, the program terminates the 
shutdown signal to put the disk memory drive 12 in 
. motion and waits until receiving a signal from the disk 
memory drive 1 2 indicating that it is ready for data repro- 
duction (steps E02 and E03). Upon receiving this signal, 

55 the program executes the operation instructed by the 
command from the computer 2 (step E04). Thereafter, 
the program branches to step B1 1 in Fig. 7. 

Next is described the details of the access statistics 
process of steps A10, C07 and D07. 
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Referring to Fig. 11. in step F02, the program deter* 
mines the number of accesses requested after the power 
is turned on. if the number is less than or equal to a pre- 
determined threshold, the program branches to step 
F03. If the number exceeds the threshold, the program 5 
branches to step F05. The threshold, which is a positive 
integer, is set considering the capacity of the non-volatile 
memory 16, the property of the computer 2 and so on. 
This determination limits the number of accesses that 
are taken into account when the program updates the w 
contents of the non-volatile memory 1 6. 

Referring to Figs. 4 and 1 1 , in step F05, the present 
access is registered in the entry area 411. Specifically, 
the first and last block addresses of the present access 
are stored in the first and last block address areas 41 1 1 ^ 
and 41 12, respectively. The data previously stored in the 
entry areas 41 1 to 417 is moved to the entry areas 412 
to 148, respectively. The data previously stored in the 
entry area 418 is deleted. 

Referring to Figs. 5 and 1 1 , in step F06, the weight 20 
table area 5 is updated. 

At first the weights of data blocks registered in the 
area 41 are calculated. In this exemplary embodiment 
having eight entry areas 41 1 to 41 8, (9 - N) 2 is the weight 
of the data block which is accessed N times before and 25 
registered in the entry area 41 N. This weight can be gen- 
eralized as (M + 1 - N) 2 where the system has M entry 
areas. If the same data block is stored in the area 41 , the 
weight is added up. That is, if a specific data block is reg- 
istered in the entry areas 413, 41 5 and 416. the weight 30 
of this data block is (9 - 3J 2 + (9 - 5) 2 + (9 - 6)2 = 61. 

After calculating the weight, the data blocks are reg- 
istered in the ranking areas 51 to 5n in the descending 
order of the weight thereof. That is, in the first and last 
data block address areas 51 1 and 51 2 is stored those of 35 
the data block having the greatest weight. 

Next in step F07, the program determines whether 
or not the contents of the non-volatile memory 16 need 
to be updated. The detailed process of the determination 
is described below. 40 

In a first step, the program determines the number 
Sg of the segment area for storing the data blocks fre- 
quently accessed soon after the power 1 00 is turned on. 
In this exemplary embodiment, the number Sg is equal 
to 2 because the segment areas 231 and 232 are pro- 45 
vided for this purpose. 

In a second step, the program determines the data 
blocks registered in the ranking areas 
51 to (50 + Sg) = 52 . 

In a third step, comparing the first and last data block so 
addresses in the data block table area 22 (Fig. 3) to those 
in the weight table area 5 (Fig. 5), the program deter- 
mines whether or not the segment areas 231 and 232 
stores all of the data blocks obtained in the second step. 
If all data blocks are stored, the program branches to step ss 
F04 and the access statistics process is terminated. If 
some of the data blocks are not stored, the program 
branches to step G01. 

Next are described the processes after step F03. 



Referring to Fig. 1 1 , when the program determines 
that the number of accesses after the power 100 is 
turned on exceeds the threshold, the program branches 
to step F03. 

In step F03. the program determines whether or not 
the number of accesses after the shutdown of the disk 
memory drive 12 exceeds a predetermined threshold. In 
step F02, the threshold is set taking into account the 
capacity of the non-volatile memory 16, the properties 
and characteristics of the computer 2 and so on. If the 
number of accesses exceeds the threshold, the program 
branches to step F03 and the access statistics process 
is terminated. H the number is less than or equal to the 
threshold, the program branches to step F08. 

In steps F08 to F10, the program executes substan- 
tially the same operations as those of steps F05 to F07, 
respectively, with respect to the areas 421 to 428 and 
233 to 235 instead of the areas 41 1 to 418 and 231 to 
232. 

In step F1 0, the program branches to step G1 0 when 
the non-volatile memory 1 6 must be updated. 

Next is described the processes after steps G01 and 
G10. 

Referring to Fig. 12, in step G02, the contents of the 
data block table area 22 is saved in the memory storing 
the program and not shown in the figure. After copying, 
the program initializes the index areas 31 and 32, which 
correspond to the segment areas 231 and 232 storing 
data accessed when the power 1 00 is turned on. 

In step G03, the program selects the data block reg- 
istered in the ranking area 51 (hereinafter referred to as 
a "first data block", which has highest ranking) as the 
object of the operation of steps G04 to G09. 

In step G04, referring to the contents of the data 
block table area 22 saved in the memory, the program 
determines whether or not the first data block is stored 
in the segment area 231 or 232. If the first data block is 
found, the program branches to step G07. Otherwise, the 
program executes step G05. 

In step G05, the program determines whether or not 
the non-volatile memory 1 6 has a free area large enough 
to store the first data block. The "free area" includes both 
the area storing no data and the area storing the data 
blocks not registered in the weight table area 5. If the free 
area is not found, the program branches to step F04. Oth- 
erwise, the program branches to step G06. 

In step G06, the contents of the first data block is 
copied to the free area in the non-volatile memory 16. 
The first data block is transferred from the buffer memory 
14. If the buffer memory 14 does not store the first data 
block, the first data block is transferred from the disk 
memory drive 12. 

In step G07, information about the first data block is 
stored in one of the index areas 31 to 35 corresponding 
to the segment area storing the first data block. Specifi- 
cally, the address in the non-volatile memory 1 6 is stored 
in the segment address area 311. The first and last data 
block addresses in the disk memory are stored in the first 
and last block address areas 31 2 and 313, respectively. 
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In step G08, the program determines whether or not 
all the data blocks registered in the weight table area 5 
are processed by the steps G04 to G07. If ail of the data 
blocks are processed, the program branches to step F04. 
Otherwise the program proceeds to step G09. In this 
exemplary operation the program branches to step G09 
because the data blocks registered in the ranking areas 
52 to 5n are not processed. 

In step G09. the program updates the object of the 
processes of steps G04 to G08. Specifically, the next 
lower ranking data block is selected as the object In this 
exemplary operation, the program selects the data block 
registered in the index area 32, which has the second 
highest ranking. In the similar manner, the data blocks 
registered in the weight table area 5 are processed 
according steps G04 to G08 in sequence: 

Next is described the operation after step G1 0. 

Referring to Fig. 1 2, in step G1 1 , the contents of the 
data block table area 22 is saved in the memory storing 
the program and not shown in figure 12. After copying, 
the program initializes the index areas 33 to 35, which 
correspond to the segment areas 233 to 235 storing data 
accessed after the shutdown of the disk memory drive 
12. 

In steps G03 to G09, the program executes the steps 
G03 to G08 with respect to the segment areas 233 to 
235 instead of the segment areas 231 and 232. 

Next is described the technical advantages of the 
present invention. 

First, according to the present invention, a disk 
memory apparatus can send requested data before the 
disk memory becomes ready to be accessed because 
the data is transferred from the non-volatile memory that 
stores data frequently accessed when the power is 
turned on. 

Second, the hit-ratio of the data in the non-volatile 
memory 16 is high because the data to be stored in the 
non-volatile memory 16 is selected according to the sta- 
tistics of the accesses instead of a conventional replac- 
ing strategy such as LRU. 

Third, the present invention contributes to power 
saving and enhances the lifetime of the apparatus 
because the disk memory drive 12 is stopped after it is 
idle for a predetermined period of time. This advantage 
is enhanced by the high hit-ratio of the non-volatile mem- 
ory 16 due to the access statistics. 

Next is described the modifications of the present 
invention. 

The non-volatile memory 1 6 may store the positions 
of "bad spots" in which read errors occurred in addition 
to the data stated above for effective use of non-volatile 
memory 16. 

The areas provided in the non-volatile memory 1 6 is 
not limited to those described above. 

The non-volatile memory 16 may comprise a plural- 
ity of memory units. 

The nonvolatile memory may store information indi- 
cating a status or configuration of said disk memory 
apparatus because, in many computer systems, the 



computer 2 frequently requests this information soon 
after the disk memory apparatus is turned on. 

The present embodiments are therefore, to be con- 
sidered in all respects as illustrative and not restrictive, 
s the scope of the invention being indicated by the 
appended claims rather than by the foregoing descrip- 
tion and all changes which come within the meanings 
and range of equivalency of the claims are therefore 
intended to the embraced therein. 

w 

Claims 

1 . A disk memory apparatus coupled with an informa- 
tion processing device and supplied with electrical 

is power, comprising: 

a disk memory drive including data therein; 

a nonvolatile memory for storing a portion of 
data contained in said disk memory drive and main- 
taining contents thereof when said electrical power 
20 is removed; and 

a controller transferring data in said nonvola- 
tile memory to said information processing device 
when said disk memory drive is in a condition other 
than being ready for data reproduction. 

25 

2. A disk memory apparatus according to claim 1, 
wherein said controller transfers said data when said 
disk memory device is in a condition other than being 
ready for data reproduction after turning on of said 

30 electrical power. 

■3. A disk memory apparatus according to claim 1 or 2, 
wherein said nonvolatile memory stores data 
requested by said information processing device 
35 when said electrical power is turned on. 

4. A disk memory apparatus according to any of claims 
1 to 3, wherein said nonvolatile memory stores infor- 
mation indicating a status of said disk memory appa- 

40 ratus. 

5. A disk memory apparatus according to any of claims 
1 to 4, wherein said nonvolatile memory stores infor- 
mation indicating a configuration of said disk mem- 

45 ory apparatus. 

6. A disk memory apparatus according to any of claims 
1 to 5, further comprising shutdown means for stop- 
ping said disk memory drive after said disk memory 

so apparatus is idle for a predetermined period of time. 

7. A disk memory apparatus according to claim 6, 
wherein said controller transfers said data when said 
disk memory drive is in said condition due to stop- 

55 page thereof by said shutdown means. 

8. A disk memory apparatus according to any of claims 
1 to 7, wherein said controller selects data to be 
stored in said nonvolatile memory according to sta- 
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tistics on data accessed by said information 
processing device. 

9. A disk memory apparatus according to claim 8. 
wherein said controller stores in said nonvolatile s 
memory history information indicating a history of 
data accessed by said information processing 
device, and said controller selects data to be stored 

in said nonvolatile memory according to said history 
information. to 

10. A disk memory apparatus according to claim 8 or 9, 
wherein said controller selects data to be stored in 
said nonvolatile memory according to a frequency 

of access to said data. is 



11. A disk memory apparatus according to claim 9 or 
10, wherein said controller updates said history 
information according to a predetermined number of 
data accesses is occurring after power-on of said 20 
disk memory apparatus. 

1 2. A disk memory apparatus according to any of claims 
9 to 11 , wherein said controller updates said history 
information according to a predetermined number of 25 
data accesses occurring after stoppage of said disk 
memory drive by said shutdown means. 

1 3. A disk memory apparatus according to any of claims 

1 to 1 2, wherein said controller sends a ready signal 30 
to said information processing device when said disk 
memory drive is in said condition after power-on of 
said disk memory apparatus. 



14. A disk memory apparatus according to any of claims 35 
1 to 13, wherein said nonvolatile memory comprises 

a flash memory. 

1 5. A disk memory apparatus according to any of claims 

1 to 1 4, wherein said nonvolatile memory comprises <o 
an access memory having a battery back-up. 

1 6. A disk memory apparatus according to any of claims 
1 to 15, wherein said controller transfers said data 
prior to said disk memory drive reaching a predeter- 45 
mined rotational speed. 

1 7. A disk memory apparatus according to any of claims 
1 to 16, wherein said controller transfers said data 
within a predetermined amount of time after said so 
disk memory apparatus is ppwered-on. 
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Fig. 9 
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Fig. 12 
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